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Three methods for prevention of perioperative spasm of the internal 
mammary artery were compared in 78 patients undergoing coronary artery 
bypass grafting. In group 1, internal mammary artery pedicles were divided 
distally, clamped, and placed under the upper sternum submerged in 
papaverine solution (1.5 mg/ml). In group 2, as in group 1 but before 
clamping, 2 ml of heparinized blood with 1.5 mg/ml papaverine added was 
injected into the vessel lumen. In group 3 treatment was as in group 2, but 
heparinized blood with papaverine was injected a second time just before 
extracorporeal bypass was begun. In a univariate analysis free flow from 
dilated internal mammary arteries was not significantly different among 
the groups (group 1, 58 ml/min; group 2, 82 ml/min; group 3, 68 ml/min;p < 
0.1). When free flow from dilated internal mammary arteries was the 
dependent variable in a regression analysis, the use of intraluminal 
papaverine, high blood pressure during flow measurement, and high initial 
blood flow were predictors of high flow (all p < 0.01). Morphometric 
measurements on the resected distal portion of the dilated internal 
mammary arteries disclosed less folding of the internal elastic lamina and 
a larger luminal area in groups 2 and 3 compared with respective findings 
in group 1 (1.21 mm 2 and 1.42 mm 2 versus 0.77 mm2; p < 0.02). Mechanical 
vessel wall injury occurred in 8 of 52 internal mammary arteries treated 
with intraluminal papaverine. Intraluminal papaverine solution injected 
once or twice in addition to external papaverine xposure therefore 
provides a better blood flow rate and distal dilation than mere submersion 
in papaverine solution, but at a considerable risk of mechanical wall injury. 
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A lthough the internal mammary artery (IMA) is considered the preferable conduit for myocardial 
revascularization, 1-4 spasm of this vessel can cause 
inadequate flow, which may be detrimental during 
periods of increased nutritional demand such as 
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weaning ffom cardiopulmonary bypass 5 or during 
hypovolemia after operation. 6 Also, IMAs with poor 
perioperative flow rates are more likely to occlude. 7
An adequately dilated IMA grafl facilitates place- 
ment of anastomotic sutures,  To promote dilation 
of the IMA, vasodilating substances have been 
applied to the outside of the pedicle TM or injected 
intraluminally with or without hydrostatic dila- 
tion.S, 12 Hydrostatic dilation with papaverine dis- 
sotved in saline solution provides good dilation but 
carries a potential risk of mechanical damage to the 
media and intima caused by cannulation and over- 
stretching and by chemical damage as a result of the 
acidity of the solution. 13-1s Hillier and associates 19
found, however, that 5 minutes of papaverine xpo- 
sure does not seem to damage the endothelial 
function. Because saline solution and papaverine 
are both acidic, a vehicle of higher pH and with a 
greater buffer capacity than saline solution may be 
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Table I. Characteristics of patients and IMAs 
Group 1 Group 2 Group 3 




Patient age (yr) 63.1 41.2-71.0 62 .8  42.6-73.4 63.3 37.7-75.7 0.94 
Body weight (kg) 74.5 57-109 79.5 58-90 79.5 66-94 0.22 
Height (cm) 176 153-190 173 160-186 176 160-187 0.20 
Body sufface (m 2) 1 .90 1.54-2.30 1.90 1.60-2.11 1 .96 1.69-2.11 0.39 
IMA length (cm) 15.3 12-18.5 15.5 13-19 16 13-17 0.87 
First MAP (mm Hg) 70 .0  56.0-111.0 66 .8  47.5-85.2 70.5 48.4-91.0 0.15 
IMA blood flow 1 11.5 1.2-72.0 11.1  0.96-57.6 8.2 3.4-57.6 0.30 
Second MAP (mm Hg) 57.5 27-93 66 38-86 65 27-96 0.15 
IMA blood flow 2 58 6-150 82 24-288 68 20-384 0.08 
Time of papaverine 66 25-101 57 29-125 73.5 27-142 0.17 
exposure (min) 
Biopsy specimen 18 11-25 18 9-43 19.5 12-32 0.21 
length (mm) 
Luminal area (mm 2) 0.77* 0.14-2.32 1.21 0.19-3.48 1 .42 0.37-3.97 0.02 
Media area (mm a) 0 .66  0.35-1.35 0.71 0.28-1.30 0 .86 0.28-1.40 0.26 
Intima area (mm 2) 0 .06  0.02-0.16 0.06 0.02-0.16 0 .08 0.03-0.43 0.21 
IT index 0 .09  0.04-0.18 0.08 0.02-0.26 0 .11 0.04-0.81 0.59 
Fold index 1.41" 1.01-2.27 1.18 1.03-2.00 1 .16 1.01-1.56 <0.01 
IEL length (mm) 5 .04  3.49-6.49 5.03 3.58-6.90 5.70* 4.43-7.79 0.04 
Treatment groups are shown in columns 2 through 4. Column 5shows results of the Kruskal-Wallis test for differences 
measured attwo times as described in text. IT, Intimal thickening; IEL, internal elastic lamina. 
*Different from both other groups. 
among roups. MAP and IMA flow 
preferable for intraluminal  application. 8 Mills and 
Bringaze• found that b lood with dissolved papaver-  
ine was less acidic and suggested that it might be 
used with confidence. 
Af ter  a di lating agent is injected into the IMA and 
it is c lamped, the intraluminal  volume of the vessel 
increases. B lood entering from the subclavian artery 
thus dilutes or pushes distally the dilating agent. It is 
therefore not certain that intraluminal  papaver ine 
without hydrostatic di lat ion will di late the vessel 
along its entire length, although a 20% diameter  
increase has been obtained distally. 19 In the present 
study on IMA di lat ion all the IMA pedicles were 
kept immersed in papaver ine solution. The additive 
dilating effect caused by the intraluminal  injection of 
papaver ine in hepar in ized b lood once or twice was 
examined. 
Patients and methods 
Seventy-eight patients, 68 men and 10 women (median 
age 62.8 years, range 37.7 to 75.7), underwent coronary 
artery bypass grafting. Before the induction of anesthesia 
and until the start of cardiopulmonary b pass glyceryl 
nitrate was infused in an individualized manner to keep 
blood pressure at an acceptable l vel. The dosage varied 
considerably from 0.2 to 9 txg/kg per minute (median 2 
txg/kg per minute). The left IMA was used as one of the 
bypasses, usually to the left anterior descending coronary 
artery. After heparinization of the patient and isolation of 
the IMA, usually down to the fifth rib or fifth intercostal 
space, the mode of treatment of the pedicle was random- 
ized to one of three treatment groups by drawing of one 
card from an envelope. The envelope contained 78 la- 
beled cards, 26 from each group. IMAs in all groups were 
cut distally and free flow from the cut end was measured 
by recording the time required for 4.8 ml of blood to fiow 
into an open syringe (IMA blood flow 1, Table I). Blood 
was allowed to run freely from the end of the IMA into 
the heparinized syringe to limit foreign surface contact of 
the blood. Simultaneously, radial artery pressure was 
recorded as an expression of central arterial pressure (first 
mean arterial pressure [MAP], Table I). The syringe had 
been filled with 0.3 ml of heparinized saline solution (33 
U/ml). Eight milligrams of papaverine was added by 
injecting 0.2 ml papaverine solution (40 mg/ml) into the 
blood and mixed by turning the syringe upside down 10 
times after inserting the piston. 
Group 1 IMAs were clipped distally and placed inside a 
plastic bag containing papaverine (1.5 mg/tal in 0.9% 
saline solution). Group 2 IMAs were treated like those in 
group 1, and in addition 2 ml of the heparinized blood 
with papaverine was injected intraluminally with use of a 
1 mm intravenous plastic cannula (Venflon, Viggo Spec- 
tramed, Helsingborg, Sweden). Group 3 IMAs were 
treated like those in group 2, and in addition they were 
injected a second time with the papaverine in heparinized 
blood just before extracorporeal bypass was begun. 
After construction of distal rein graft anastomoses and 
selection of the site for IMA anastomosis, while the 
patient was supported by cardiopulmonary b pass, it was 
decided at which level to cut the IMA. For this study, a 10 
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Final cut Iocation Adventitia 
3rd clip 2nd clip '1st clip 
Steel rod 
Fig. 1. Diagram shows distal, resected part of IMA pedi- 
cle. First clip was applied to prevent bleeding; second and 
third to fix steel rod to IMA to "splint" it and prevent its 
retraction: Second and third clip were applied while 
pedicle was stretched to its original ength. 
mm long segment of IMA (range 4 to 14 mm) just distal 
to this level was isolated between two clips, with the most 
distal app!ied first to maintain intraluminal pressure. A
15 × 0.4 mm steel rod was placed alongside the vessel 
segment by the clips to "splint" and prevent retraction of 
the vessel segment (Fig. 1). This closed IMA segment with 
trapped blood was then excised and immersed in 4% 
buffered formalin. The open end of the cut IMA was split 
in preparation for anastomosis and the lengths of the 
remaining IMA (IMA length, Table I) and removed patts 
of the pedicle (biopsy specimen length, Table 1) were 
measured. The volume of blood bled into a beaker during 
20 or 30 seconds was measured and free flow rate (in 
milliliters per minute) was calculated (IMA blood ftow 2, 
Table I). Simultaneously, the radial artery pressure was 
recorded (second MAP, Table I). 
After operation, the highest measured value of aspar- 
tate aminotransferase was recorded. The presence of any 
new electrocardiographic changes indicating possible sep- 
tal or anterolateral infarction within the first month after 
the operation was also recorded. 
The formalin-fixed segments of IMA were processed 
for light microscopy according to standard procedures. 
Sections 5 txrn thick were cut from the midportion of the 
vessel segment that was splinted by the steel tod. At this 
site the lumen was nearly circular. The sections were 
stained with van Gieson elastin stain and used for mor- 
phometric analysis as described previously. 2°All morpho- 
metric measurements were made by one of us (K. H.) 
without knowledge of the group code. Eight specimens, 
four in ea¢h of groups 2 and 3, showed signs of mechanical 
damage and could not be evaluated morphometrically, 
!eaving 70 for analysis. Fig. 2 shows the morphometric 
measurements made in each specimen. The perimeter of 
the media (PM), the length of the internal elastic lamina 
(IEL), the cross-sectional rea of the media (M), the 
cross-sectional rea of the intimal layer (IL), and the 
cross-sectional area of the lumen (LA) were measured as 
previously described. 2°The measurements were used to 
calculate a fo]ld index that denoted the degree of folding of 
the internal elastic lamina as follows: Fold index = 
IEL/CC, Where CC (length of the circle circumscribing 
the same area as the IEL) = 2"n-Ri,  where  R i = internal 
Fig. 2. Diagram of measured and calculated variables. 
Perimeter of media (PM), area of media (M), area of intimal 
layer (IL) (equal to area between luminal circumference 
(LC) and folded internal elastic lamina [IEL]), length 
of folded internal elastic lamina, and luminal area (LA) 
were measured. Following variables were calculated: Re, 
external radius = PM/2~r; Ri, internal radius = 
~/(~-Re  2 -- M)/Tr; and CC, length of circle circumscrib- 
ing same area as internal elastic lamina = 2~rRi. 
radius = "k / ( ' r rRe  2 - M)/7r, where R e = external radius = 
PM/2~r. The ratio between the area of the intimal layer 
(IL) and that of the media (M) was used as an index of 
intimal thickening as follows: Intimal thickening index = 
IL/M. 
Differences among the three treatment groups were 
evaluated by the Kruskal-Wallis one-way analysis of vari- 
ance with a = 0.05. When multiple comparisons were 
done the probability a of making at least one false 
decision, that is, that two given treatments differed when 
in fact they did not, was -<0.25. When k represented the 
number of groups to be compared, a = 0.25/k(k - 1) for 
eacb comparison. 21Possible correlations between any two 
variables were examined by Kendall's test. 22 The test was 
made two-sided. The variables IMA blood flow 1; second 
MAP; media area; and three dummy variables; Dl ,  D2, 
and D3; were included as possible predictor variables in a 
stepwise regression analysis done with the 2R program in 
the 1993 version of the BMDP statistical software package 
(BMDP Statistical Software, Inc., Los Angeles, Calif.) to 
assess the technique of papaverine application indepen- 
dent of other potential predictors of flow. The dummy 
variable D1 was set to the value 1 in treatment group 1 
and to 0 in groups 2 and 3; D2 and D3 were set to the 
value 1 in treatment groups 2 and 3 and to 0 otherwise. To 
correct for nonnormal distributions, IMA blood flow 1 
and IMA flow 2 were entered in the analysis after 
logarithmic transformation. 
Results 
Table I shows that the following parameters  did 
not differ among the groups: pat ient age, body 
weight, height, MAP at the t ime of flow measure-  
ment, IMA length, biopsy specimen length, media  
area, int ima area, and intimal thickening index. 
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A. Correlation between IMA blood flow 2 after dilation and other 
variables 
No. of data 
pairs ": p Value 
IMA blood flow 1 78 0.2954 <0.0001 
Second MAP 78 0.2845 0.0001 
Media area 70 0.2481 0.001 
Luminal area 70 0.1645 0.022 
Body weight 78 0.1195 0.061 
IT index 70 -0.1105 0.088 
IMA length 78 -0.0913 0.118 
Fold index 70 -0.0846 0.150 
Patient age 78 0.0727 0.173 
Bypass time 78 0.0580 0.226 
B. Correlation between luminal area and other variables 
No. of data 
pairs ": p Value 
Fold index 70 -0.7191 <0.0001 
Media area 70 0.2671 0.0005 
Second MAP 70 0.1429 0.040 
IMA length 70 -0.1330 0.052 
Patient age 70 0.0373 0.324 
Bypass time 70 0.0251 0.379 
IMA blood flow 1 70 0.0210 0.399 
Body weight 70 -0.0152 0.426 
IT index 70 -0.0108 0.447 
r, Kendall rank correlation coetficients; p value, significance probability 
using normal approximation; IT, intimal thickening; bypass time, time on 
bypass until IMA flow rate is measured. 
Flow rate from the IMA did not differ among the 
groups either before or after dilation with papaver- 
ine. Luminal area was larger and the fold index 
smaller in groups 2 and 3 than the corresponding 
values in group 1. The internal elastic lamina was 
longer in group 3 than in groups 1 and 2. 
The analysis howed positive correlation between 
IMA flow rate after dilation and the following 
parameters: IMA blood flow rate before dilation, 
simultaneous arterial blood pressure, media area, 
and luminal area (Table Il, A). There was a positive 
correlation between media area and luminal area 
and between MAP at the time of flow measurement 
and luminal area. There was a strong negative 
correlation between fold index and luminal area 
(Table II, B). By multiple regression analysis, IMA 
blood flow 2 was related to IMA blood flow 1, 
second MAP, and the dummy variable Dl, meaning 
that absence of intraluminal papaverine predicted 
low final blood flow (Table III). 
Eight IMAs, four in each of groups 2 and 3 
showed signs of mechanical damage. Consequently, 
the histologic sections could not be evaluated mor- 
Table III. Predictors o f  In ( IMA blood f low 2) 
Predictor Coeficient +- SE p Value 
In ( IMA blood flow 1) 0.4305 -+ 0.0766 <0.001 
D1 -0.3841 -+ 0.1305 <0.01 
Second MAP 0.0114 + 0.0039 <0.01 
Intercept = 2.59; multiple R -+ standard error (SE) = 0.66 -+ 0.51. 
Dl, Dummy variable set to the value 1 in treatment group 1 and to 0 in 
groups 2 and 3. 
phometrically. Closer examination of these sections 
showed (1) dissection between the media and ad- 
ventitia (n = 5, Fig. 3, A), (2) disruption of the 
media (n = 1, Fig. 3, B), and (3) an invaginated 
media into the lumen at the site of a branch (n = 2, 
Fig. 3, C). 
The groups did not differ with respect o maxi- 
mum aspartate aminotransferase l vel measured 
after operation or with respect o the presence of 
electrocardiographic changes indicating possible 
septal or anterolateral infarction within the first 
month after the operation (by the X 2 test). 
Diseussion 
The most important finding of this study is that 8 
(15%) of 52 IMAs injected with papaverine showed 
evidence of mechanical injury at microscopy. These 
injuries most likely were caused by the cannulation 
procedure that was used for injection of the papav- 
erine solution. The cannula may have penetrated or 
ruptured the media or stripped the media oft the 
adventitia, thereby possibly also avulsing side 
branches. It is conceivable that the risk of wall injury 
could be reduced by use of a specially designed 
cannula. The hazard of mechanical damage by can- 
nulation of the IMA is illustrated by these findings 
although no obvious case of IMA hypoperfusion was 
seen among our patients. Postoperative IMA spasm 
is a recognized clinical problem. 50ur  findings sug- 
gest hat mechanical injury is a plausible cause when 
the lumen has been cannulated. Detrimental effects 
of IMA dissection ean usually be avoided by discard- 
ing the distal cannulated portion. It may, however, 
be diüicult to properly judge the extent of the 
dissection. At times, discarding damaged istal IMA 
may make the pedicle too short. 
Morphometric measurements onthe resected is- 
tal portion of the IMA pedicle disclosed a larger 
luminal area and less folding of the internal elastic 
lamina in groups 2 and 3 compared with respective 
findings in group 1. By univariate analysis, however, 
no significant differences in blood flow rate were 
found among the groups; by multiple linear regres- 
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Fig. 3. Photomicrographs of cross sections of distal IMA segments that could not be evaluated 
morphometrically because of vessel wall injury (original magnification × 30). All these segments belonged 
to groups 2 or 3 (intraluminal papaverine). A, Advanced issection between tunica media and external 
elastic lamina is shown. Some blood remains in dissected space (star). B, Rupture (arrow) of tunica media 
has taken place. Minor dissection between tunica media and external elastic lamina also appears (star). C, 
Slaown are Minor dissection (star) and side branch (arrow) dislodged into IMA lumen indicating that 
dissection at more distal level has taken place. 
sion, on the other hand, the use of intraluminal 
papaverine was a predictor of high flow. In all three 
groups there was a marked (fivefold to eightfold) 
increase {n ffee flow from the first to the second flow 
measurement. Thus the addition of papaverine in- 
traluminally provided better flow and distal dilation 
than mere submersion of the artery in papaverine 
solution, but at a considerable risk of vessel wall 
injury. 
Another finding was that there was no correlation 
between intimal thickening and free IMA flow or 
between intimal thickening and luminal area. This 
held true within all specimens and also within each 
of the three treatment groups, which indicated that 
intimal thickening did not lead to a reduced luminal 
area. This may be explained by a compensatory 
enlargement of the lumen with increasing intimal 
thickening as described for coronary arteries. 23 Both 
in the present study and in a previous study 24 we 
found a moderate amount of intimal thickening in 
most of the IMAs and only a few with considerable 
thickening. The most important predictors of IMA 
blood flow after papaverine treatment were initial 
IMA blood flow values, the use of intraluminal 
papaverine, and arterial blood pressure (Table III). 
The IMA flow rate in group 1 when the IMA was 
submerged in 1.5 mg/ml papaverine solution (medi- 
an 58 ml/min) was similar to the rate we found in a 
previous study when the method of treatment was 
equal, except for the papaverine concentration (0.8 
mg/ml, 60 ml/min). 25 Increasing the concentration 
of papaverine from 0.8 to 1.5 mg/tal therefore does 
not seem to increase flow. 
IMA patency is reported to be excellent after 
7 0 2 Dregelid et al. 
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external application of papaverine. 4' 7, 10, 25 On the 
other hand, patency after intraluminal injection of 
papaverine and hydrostatic distension has to our 
knowledge not been examined. Many reports on 
clinical results of coronary bypass grafting with IMA 
have not stated exactly what method, if any, was 
used to prevent or treat IMA spasm. It is known 
from experimental studies of bypass operations with 
vein grafts that the mode of graft treatment may 
influence endothelial integrity 26-29 and patency. 3°-31 
In conclusion, the use of intraluminal papaverine 
entails a high frequency of vessel wall injury. Intralu- 
minal papaverine solution administered once or 
twice in addition to external papaverine xposure is 
a predictor of high flow compared with only external 
papaverine xposure and provides a more effective 
distal dilation. The lack of correlation between 
intimal thickening and blood flow suggests that 
intimal thickening in the IMA is of no concern for 
its use as a conduit in coronary bypass grafting. 
Peder M. Kvitting, Knut S. Andersen, and Sigurd 
Birkeland supplied specimens and made the measure- 
ments in some patients. Siri Nome gave statistical advice. 
Elin Hatlem, Kate-Elin Solvi, Anne-Lise Askvik, and 
Anne Mette Koch Lundeby provided surgical assistance. 
Inger Scborg and Randi L. Nygaard made histologic 
sections. 
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